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[57] ABSTRACT 
In an apparatus, an imaging system, at- least one opti 
cally e?'ective grating and a photoelectric receiver sys 
tem are employed for determining the relative position 
of the plane of maximum amplitude of a spatial fre 
quency component in the image of an object. The im 
aging system produces from light ?uxes emanating 
from the object and traversing different regions of the 
entrance pupil of the imaging system an image of the 
object in a ?rst, a second and a third intermediate 
image plane. The focussing screen mounted in the ?rst 
plane is used for subjectively observing and focussing 
the object as well as for transmitting light ?uxes to the 
optically effective grating which de?nes a given spatial 
frequency component and which is mounted at least in 
the vicinity of the second intermediate image plane for 
commonly modulating and splitting the light ?uxes. 
The photoelectric receiver system generates therefrom 
electrical output signals used in devices for indicating 
and adjusting the sharp focussing of the object. 

12 Claims, 7 ‘Drawing Figures 
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APPARATUS FOR DETERMINING THE RELATIVE 
POSITION OF THE PLANE OF MAXIMUM 
AMPLITUDE OF THE LOCAL FREQUENCY 

COMPONENT 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

Applicants claim priority under 35 U.S.C. 119 for 
Application 2356757, ?led Nov. 14, 1973 in the Patent 
Of?ce of the Federal Republic of Germany. 
The disclosures of assignees copending applications 

Ser. Nos. 333,514, now U.S. Pat. No. 3,856,401 and 
334,601, now U.S. Pat. No. 3,856,400, ?led Feb. 20, 
1973 and Feb. 22, 1973 respectively, in the U.S. Patent 
Office are incorporated herein. These applications 
show the state of the art of apparatus for determining 
the relative position of the plane of maximum ampli 
tude and the gratings useful in the present invention. 

BACKGROUND OF THE INVENTION 

The present application relates to an apparatus for 
determining the relative position of the plane of maxi 
mum amplitude of the spatial frequency in the optical 
image of an object, at least one grating being placed as 
a correlator and a spatial frequency ?lter after the 
entry objective, this grating located in the vicinity of an 
image plane of the objective and being further provided 
with a receiver system located behind the grating in the 
direction of the light ?ux. The output signals from the 
receiver system are used for controlling a display and 
/or adjusting instrument. , 
The state of the art of optical range ?nding systems 

incorporating an apparatus for determining the relative 
position of the plane of maximum amplitude of the_ 
spatial frequency in the optical image of an object may 
be ascertained by reference to U.S. Pat. No. 3,781,110 
of Leitz, Heitmann and Schneider which issued Dec. 
25, 1973. The disclosure of U.S. Pat. No. 3,781,110 is 
incorporated herein to further show the fundamentals 
relating to the use of push-pull signals as in the present 
invention. _ 

Suggestions have been made in the prior art regard’ 
ing such an apparatus to the effect that the prismatic 
adjusting or focusing screen of the viewing equipment 
be used as the spatial frequency ?lter in a single lens 
re?ex camera. 

SUMMARY OF THE INVENTION 

The present invention is an advantageous variation of 
such equipment, being characterized in that a focusing 
or adjusting screen for subjective eye observation is 
mounted in a ?rst intermediate image plane and in that 
an optically effective screen or grating is located in a 
second intermediate image plane, being endowed with 
ray splitting properties and acting as a spatial frequency 
?lter, this grating modulates light ?uxes passing 
;through various pupil areas of the entry objective and 
transmits these ?uxes in de?ned directions separately 
to the photoelectric receiver system. The output signals 
produced by the photoelectric receiver system may be 
antiphased -- by utilization of physical or geometric 
optical beam splitting, for the chosen spatial frequency 
component. Optical means folding the path of rays, for 
instance in the form of a pentaprism, may be provided 
between the focusing screen and the grating. Advanta 
geously the grating is movably supported and means 
are provided for moving this grating in oscillatory or 
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continuous manner along at least one direction, prefer 
ably in its own plane. The screen or grating may be a 
screen or grating with a plurality of prisms on its sur 
face and is so oriented that its grooves are preferably 
parallel to the side faces of the pentaprism which are 
parallel to each other. The focusing screen in a particu 
lar embodiment is provided with an axially symmetric, 
transparent, inside surface with or without a structure 
and furthermore with an outer surface with light re 
fracting structure for subjective observation and/or 
focusing. Also, the pentaprism in a particular embodi 
ment is provided with an exit surface for observing the 
object, which is associated with a fully re?ecting mirror 
used only outside the pupil serving for observation, this 
fully re?ecting mirror acting as a splitter layer. Appro 
priately, the bundles of rays intertwined by the correla 
tor grating or screen by means of a condenser project at 
least two separate pupil images of the entry pupil, the 
parts of the latter pupil being associated with separate 
photoelectric detectors preferably so shaped as to fit 
the prismatic exit surface. Splitting of the exit pupil 
double images is caused by the inside surface of the 
focusing screen and is so dimensioned by suitable de 
sign of the structure elements that the zone of pupil 
overlap covers the prismatic exit surface. , 
Light ?uxes passing through various pupil areas of 

the reproducing optics also may be transmitted as sepa 
rate parts corresponding to these pupil areas to the 
photoelectric receiver system. 

In order to control the display and/or adjustment 
instrumentation properly with respect to sign, one pro 
vides equipment for determining the magnitude and/or 
the phase and/or the frequencies of the photoelectric 
signals. 
Frequency and/or phase of the photoelectric signals 

are used to determine the angular velocity of the ob 
ject. Appropriately, photoelectric push-pull signals 
obtained from two areas of different pupil images are 
fed as input signals to at least one differential amplifier. 
A phase-sensitive rectifier is provided, which processes 
the output signals of the differential ampli?er with the 
drive signal for the grating so as to obtain a reference 
signal. The apparatus of the present invention is advan 
tageously used in a single lens re?ex camera. 
With respect to the prior art apparatus, the present 

invention holds the advantage of a larger share of light 
?ux being available for photoelectric measurement. 
Furthermore, splitting of the light ?uxes may be se 
lected in arbitrary manner because this splitting is per 
formed only after the ?rst observation pupil. Hence this 
splitting is performed so that pupil overlap is eliminated 
with certainty in all cases. This applies especially when 
objectives are used with different maximum apertures. 
Lastly, the dimensions of the grating may be less than 
those of the focusing screen, whereby advantages are 
obtained relating to the mechanical design of the appa 
ratus and to lesser drive power in the case of oscillatory 
motion of the screen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is best described by reference 
to the attached drawings showing particular embodi 
merits of the invention in diagrammatic form, wherein: 
FIG. 1 shows in side view the path of the rays in an 

apparatus of the invention with a pentaprism; 
FIG. 1a is a top view of a detail of FIG. 1; 
FIG. 2 is a top view of the adjusting or focusing 

screen; 
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FIG. 3 is a top view of an exit surface of the penta 
prism of FIG. 1; 
FIG. 4 shows the shift in height of a pupil image by a 

measurement wedge; 
FIG. 5 shows an exit pupil-double image generated 

by the correlation-measurement grating of FIG. 1, and 
a circuit diagram for the related photoelectric signals; 
and 
FIG. 6 shows photoelectric detectors, in this instance 

two, form-?tted to the exit surface of the pentaprism of 
FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows the application of an apparatus of the 
present invention to a single lens re?ex camera. An 
entry objective 2 focuses an object (not shown) for 
measurement in a ?rst plane via a pivotable mirror 23, 
a focusing or adjusting screen 3 being located in this 
?rst image plane. Screen 3 is shown in greater detail in 
FIG. 2. The path of the image-forming rays passes 
through screen 3 and is bent by a pentaprism 35. As 
shown, the image-forming light bundle upon twofold 
re?ection reaches exit surface 61 of prism 35, which is 
followed by a mirror 17. The latter is cemented be 
tween two glass parts 4 and 5. FIG. 3 shows a top view 
of mirror 17. This mirror is provided with a central area 
17b which is not re?ecting at all or only partly and 
serves for observation through a subsequent ?nding 
ocular 9. Area 17b is surrounded by a fully re?ecting 
area 17a. Upon re?ection at the fully mirrored part,'the 
rays pass through a prism 10 cemented on prism sur 
face 49 and arrive on a grating plate 11 having a plural 
ity of prisms on its surface, located in the intermediate 
focusing plane of prism 10, the grating grooves of this 
plate lying parallel to the plane of the drawing. This 
plate 11 is so supported that it may move normal to the 
plane of the drawing and may be made to oscillate by 
means of a piezoelectric resonator 12. A subsequent 
condensing lens 15 concentrates the rays split at grat 
ing 11 on two photoelectric detectors 6 and 7 so that if 
there is relative motion by one prism graduation nor 
mal to the plane of the drawing between plate 11 and 
the object's image projected onto it, the rays belonging 
to a particular object point will switch from one photo 
electric detector to the other and vice versa. FIG. 1a 
shows the design components 6, 7, 10, 11, 12 and 15 in 
a section perpendicular to the plane of FIG. 1. 
As shown in the drawings, each photoelectric detec 

tor receives the sum of the light ?uxes from a complete 
pupil surface. In a variation of the present invention, 
however, each detector 6 and 7 is replaced by a pair of 
areal photoelectric receivers 13,, 13,, and 14,, 14, re 
spectively, as shown in FIGS. 5 and 6, for the purpose 
of separately receiving the right and left pupil halves, 
these receivers being form-?tted to the pupils of the 
prismatic exit surface 17. Film 18 for taking the ob 
ject‘s image in the single lens re?ex camera is located 
behind pivoting mirror 23 in the path of the entry rays 
through objective 2. 
Fundamentals relating to the use of push-pull signals 

are described in US. Pat. No. 3,78l,l 10. 
As shown in FIG. 2, focusing screen 3 is provided 

with an outer grating area 3b for the purpose of coarse, 
subjective visual adjustment via ocular 9. On the other 
hand, an inside area 3a corresponds to the measuring 
?eld of grating 11 and is provided with a measurement 
wedge 3c as an accessory for subjective purposes, the 
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4 
separation edge ofthis wedge being capable of splitting 
the image in the direction of the grooves of grating 11 
by means of its orientation, as shown in FIG. 4. Such a 
focusing screen 3 is disclosed in U.S. Pat. No. 
3,78 l ,I I0. 
An object is adjusted or focused on focusing screen 3 

and further on grating 11 by means of objective 2 
which can be adjusted along the optical axis. In the case 
of focusing, the eye at ocular 9 sees a sharp image of 
the desired object on the grating structure 3b of screen 
3 (FIG. 2), lacking furthermore any kind of splitting at 
the central part of area 3a. In such a case there is also 
a sharp object image on grating 11, so that for relative 
motion between the object structure and the grating 
structure, the alternating light ?uxes at the photoelec 
tric detectors 6 and 7 generate signals of maximum 
amplitudes. These signals are ?ltered in known manner 
of their in-phase components by taking the difference 
and are analyzed for magnitudes. Objective 2 is con 
trolled for optimum focusing by a control circuit. 

If photoelectric receivers 13,, 13, and 14,, 14,. asso 
ciated with two diametral parts of entry objective 2 are 
used twice, as per FIG. 5, then upon focusing, the alter 
nating current output signals between 13,. and 14,. and 
between 13, and 14, are push-pull, while they are in 
phase between 13, and 13, and between 14, and 14,, 
when there is relative motion between grating 11 and 
the object image. Accordingly, the signals from receiv 
ers 13, and 14, and from 13,. and 14, are always con‘ 
nected to push-pull ampli?ers. If now the image plane 
were to lie in front of or behind grating 11, then ac 
cording to the parallaxes of the right and left objective 
parts (r, l), the phases of the ampli?er output signal 
belonging to part (r) are time-shifted in one sense and 
those phases of the signal belonging to part (I) are 
time-shifted in the other, or vice versa. 
Therefor, magnitude and sign of the deviation from 

focus in the single lens re?ex camera is obtained from 
those phase shifts in addition to analysis of signal ampli 
tude. 
Another embodiment of the present invention is 

suited not only for focusing purposes of photographic 
objectives, but it also allows for obtaining vehicle speed 
control or monitoring by means of the frequency of the 
measurement signals. Visual observation may be used 
to obtain proper setting as to the path or track and to 
detect the vehicle by means of the apparatus. In con 
nection with the camera used per the present invention, 
photographic recording of monitored vehicles is feasi~ 
ble for instance by providing an automatic camera 
release being actuated by the electrical signals gener 
ated by the apparatus of the present invention when the 
maximum permissible speed is exceeded or when the 
minimum safe distance is no longer being kept. 
The pupil splitting by the measurement wedge in ?eld 

3a of the focusing screen 3 described in FIG. 2 is not 
critical with respect to electrical signal analysis because 
it is parallel to the grooves of grating 11 and without 
in?uence on the signal phases. However, scaling of the 
splitting should be such by means of a properly selected 
angle of the measurement wedge that the zone of pupil 
overlap still covers the exit surface 17 of pentaprism 
35. 
The determination of the angular speed or velocity of 

an object is to be performed by using the frequency 
and/or the phase of the photoelectrical signals gener 
ated by the photoelectrical receiver system 6, 7. 
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If there are used two areas of different pupil images 
for measuring, the obtained push-pull signals are to be 
fed to at least one differential amplifier 19, 20. 

Providing an oscillating movement of the grating 11 
by means of piezoelectric resonator 12 a phase-sensi 
tive rectifier 21 not shown in the drawing, but known 
per se is used in processing the differential ampli?er 
output signals and the drive signals for the grating 11 
into reference signals. 

Preferably, the apparatus of the invention may be 
mounted for instance in a single lens re?ex camera or 
in a camera for monitoring and recording the velocity 
as well as the safety spacing of a vehicle. 
When using the apparatus of the present invention in 

a photographic camera, it is advantageous to derive 
informations regarding measurement of a limited ob 
ject portion from the output signals of the photoelectric 
receiver system. For an undirectional, integrating light 
measurement, on the other hand, a photoelectric de 
tector covering the outer field of the measured object 
detail on prismatic grating 11 is suitable. 
Even though gratings having a plurality of prisms on 

their surfaces have been used as illustrative embodi 
ments, other gratings, for instance amplitude gratings, 
as disclosed in U.K. Patent No. 419,307 may also be 
used for implementing the present invention. 
Geometric or physical optical beam splitting means 

for producing output signals from the photoelectric 
receiver system 180° out of phase for the selected spa 
tial frequency comprise for instance the grating 11 or 
an optical component as disclosed in US. application 
Ser, No. 480,822. 
We claim: 
1. In an apparatus, an imaging system, at least one 

optically effective grating and a photoelectric receiver 
system being employed for determining the relative 
position of the plane of maximum amplitude of a spatial 
frequency component in the image of an object, said 
imaging system having an entrace pupil, said entrance 
pupil having regions which are traversed by light ?uxes 
emanating from said object, and forming an image of 
said object in a plurality of intermediate image planes, 
said grating displaying a given spatial frequency com 
ponent and being mounted in at least the vicinity of one 
of said intermediate image planes for receiving said 
image and for modulating said light ?uxes, said photoe 
lectric receiver system consisting of at least two photo 
electric detectors responsive to light ?uxes passing said 
grating and generating therefrom electrical push-pull 
signals used in governing controlling means, the im 
provement comprising: 
mounted in a ?rst one of said intermediate. image 
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planes a focussing screen (3) divided into at least _ 
two areas (3a;3b); one of said areas chosen for 
subjectively observing and focussing said object, 
the other having a given size and being applied to 
transmit for further processing light ?uxes selected 
from one of said regions of said entrance pupil; 

located in a second one of said intermediate image 
planes said grating (11) jointly modulating said 
light ?uxes traversing said selected region and hav 
ing properties for splitting said light ?uxes thus 
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6 
causing the production of at least two components 
being separately transferred in defined directions 
to said photoelectric receiver system (6,7), and 

optical means (35) arranged between said focussing 
screen and said grating for folding the beam path, 

2. The apparatus of claim 1, wherein said push-pull 
output signals for said spatial frequency component 
result from means for geometrical optical beam split 
ting means. . 

3. The apparatus of claim 1, wherein said push-pull 
output signals for said spatial frequency component 
result from means for physical optical beam splitting 
means. 

4. The apparatus of claim 1, wherein said grating 
(11) is movably supported and a drive (12) is provided 
for oscillating said grating in its plane, a reference sig 
nal being derived from said oscillation. 

5. The apparatus of claim 1, wherein said focussing 
screen (3) has an axially symmetric inner transparent 
area (3a) and an external arean (3b), the latter being 
provided with light refractory structures for subjec 
tively observing and focussing said object. 

6. The apparatus of claim 5, wherein said inner area 
(3a) of said focussing screen is provided with structure 
elements (30) oriented in parallel to the grooves of said 
prismatic grating, said structure elements generating 
from said images of said images of said entrance pupil 
formed by said imaging system split images partly over 
lapping, the zone of overlap covers the prism exit sur 

face (61 ). 
7. The apparatus of claim 1 having means for sepa 

rately splitting said light ?uxes traversing said selected 
regions of said entrance pupil of said imaging system 
and being separately fed to said photoelectric receiver 
system according to said regions of said entrance pupil. 

8. The apparatus of claim 7, wherein said electrical 
push-pull signals obtained from two regions of said 
images of said entrance pupil are fed to at least one 

differential ampli?er (19,20). 
9. The apparatus of claim 1, wherein said optical 

means for folding the ray path is a pentaprism (35). 
10. The apparatus of claim 9, wherein said grating 

has a plurality of prisms on its surface with the grooves 
between prisms lying parallel to mutually parallel side 
faces of said pentaprism. 

11. The apparatus of claim 9, wherein said penta 
prism (35) is provided with an exit surface (61) repre 
senting said third intermediate image plane and mask 
ing the image of said entrance pupil, by way of which 
said object is observed, a fully re?ecting mirror (17) 
being associated with said surface as a dividing layer 
outside said region of said pupil used for observation. 

12. The apparatus of claim 11, wherein said prismatic 
grating (1 l) is producing from said light ?uxes bundles 
of beams which project at least two separate, non-over 
lapping images of said entrance pupil by means of con 
densing lens (15), separate photoelectric detectors 
(13,; 13,; 14,; 14,) matched in shape to said exit surface 
(61) of said pentaprism being associated with said se 
lected pupil region of said entrance pupil. 
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